Introduction. The cause of recurrent pregnancy loss often remains unknown. Possibly, pathophysiological pathways are shared with other pregnancy complications. Material and methods. All women with secondary recurrent pregnancy loss (SRPL) visiting Leiden University Medical Center (January 2000(January -2015 were included in this retrospective cohort to assess whether women with SRPL have a more complicated first pregnancy compared with control women. SRPL was defined as three or more consecutive pregnancy losses before 22 weeks of gestation, with a previous birth. The control group consisted of all Dutch nullipara delivering a singleton (January 2000(January -2015. Information was obtained from the Dutch Perinatal Registry. Outcomes were preeclampsia, preterm birth, post-term birth, intrauterine growth restriction, breach position, induction of labor, cesarean section, congenital abnormalities, perinatal death and severe hemorrhage in the first ongoing pregnancy. Subgroup analyses were performed for women with idiopathic SRPL and for women ≤35 years. Results. In all, 172 women with SRPL and 1 196 178 control women were included. Women with SRPL were older and had a higher body mass index; 29.7 years vs. 28.8 years and 25.1 kg/m 2 vs. 24.1 kg/m 2 , respectively. Women with SRPL more often had a post-term birth (OR 1.86, 95% CI 1.10-3.17) and more perinatal deaths occurred in women with SRPL compared with the control group (OR 5.03,. Similar results were found in both subgroup analyses. Conclusions. The first ongoing pregnancy of women with (idiopathic) SRPL is more often complicated by post-term birth and perinatal death. Revealing possible links between SRPL and these pregnancy complications might lead to a better understanding of underlying pathophysiology.
Introduction
Recurrent pregnancy loss is commonly defined as three or more consecutive pregnancy losses before 22 weeks of gestation (1) and affects 0.5-3% of all fertile couples (2) and includes both intrauterine pregnancy demise confirmed by ultrasound or histology and non-visualized
Key Message
Recurrent pregnancy loss, of which the cause remains often unknown, may share pathophysiological pathways with other pregnancy complications. We found that the first ongoing pregnancy of women with secondary recurrent pregnancy loss is more often complicated by post-term birth and perinatal death. pregnancy losses (3) . Recurrent pregnancy loss is a heterogeneous condition and has many possible etiologic factors: genetic disorders, uterine anomalies, endocrine factors, maternal autoimmune disorders, metabolic disorders, maternal thrombophilia, obesity and toxic factors, although the percentage of cases without an identifiable cause is about 50% (4, 5) . Some of these etiologic factors like autoimmune disorders and thrombophilia might cause a dysregulation of placental vasculature, which can lead to multiple pregnancy complications like miscarriage, pre-eclampsia, fetal growth restriction and fetal death (6) .
Approximately 40% of the women with recurrent pregnancy loss have a previous ongoing pregnancy and are diagnosed with secondary recurrent pregnancy loss (SRPL) (2) . Few studies described pregnancy outcome before recurrent pregnancy loss with different results. One study described that most women did not have obstetric complications (7), a higher rate of fetal death was found in some studies (5, 8) and higher rates of preeclampsia (8, 9) , low birthweight, hemorrhage and preterm delivery (8) were described. Knowledge of obstetric details regarding the pregnancy prior to the consecutive pregnancy losses may contribute to our understanding of the pathophysiology of recurrent pregnancy loss.
This study was performed to assess whether women with SRPL have a more complicated first pregnancy compared with control women.
Material and methods

Study design
All women with SRPL visiting the recurrent miscarriage clinic at Leiden University Medical Center between January 2000 and January 2015 were identified in this retrospective cohort design. SRPL was defined as having three or more consecutive pregnancy losses before 22 weeks of gestation (including intrauterine pregnancy demise confirmed by ultrasound and non-visualized spontaneous pregnancy losses), with a previous birth at ≥22 weeks of gestation. Women with a previous multiple pregnancy were excluded from the study. Information was obtained from medical records.
The control group consisted of all Dutch nullipara delivering a singleton at ≥22 weeks of gestation between January 2000 and January 2015. Data were obtained from the Perinatal Registry of the Netherlands (Perined), a nationwide database that covers around 96% of all maternal, obstetric and neonatal outcomes in the Netherlands (10).
Procedures and definitions
The following maternal characteristics were identified when visiting the recurrent miscarriage clinic: number of consecutive pregnancy losses, parity before recurrent pregnancy loss, presence of late pregnancy loss; defined as having at least one miscarriage after 13 weeks of gestation. All women had a routine recurrent pregnancy loss work-up to identify possible causes for the recurrent pregnancy loss: a standardized history of the couple was performed, karyotyping of the couple (this was offered routinely before 2005 to all couples, after 2005 this was only offered in the presence of low maternal age and/or positive family history for recurrent pregnancy loss) (11) , presence of uterine anomalies by ultrasound or hysteroscopy and presence of acquired and heritable thrombophilia was assessed. Acquired thrombophilia: Antiphospholipid syndrome was defined as the presence of anticardiolipin antibodies or lupus anticoagulant in repeated samples taken 3 months apart and at least 10 weeks after a delivery (12) , after revision of the classification criteria the presence of anti-b 2 glycoprotein-I was added to the work-up (13) . Hyperhomocysteinemia was evaluated. Heritable thrombophilia was defined by the presence of a factor V Leiden mutation, factor II (prothrombin) gene mutation, protein C or S deficiency or antithrombin deficiency. Recurrent pregnancy loss was defined as idiopathic when the work-up for causes of recurrent pregnancy loss showed no abnormalities. A sub-analysis was performed in women with idiopathic SRPL to clarify if the prevalence of pregnancy complications in women with SRPL could solely be explained by the presence of known causes for recurrent pregnancy loss or whether other (unknown) links could be an explanation.
Maternal age was defined as age at first delivery (index pregnancy). Body mass index (BMI) was calculated as weight/length 2 measured at the time of visiting the recurrent miscarriage clinic. Smoking was self-reported at the time of visiting the recurrent miscarriage clinic.
Clinical data from the first ongoing pregnancy (before the recurrent pregnancy loss) was obtained. Preeclampsia was defined as systolic blood pressure >140 mmHg and/ or diastolic pressure >90 mmHg combined with proteinuria (14) , preterm birth as a delivery before 37 weeks of gestation, post-term birth as a delivery ≥42 weeks of gestation, intrauterine growth restriction (IUGR) as birthweight below the 10th centile for gestational age and sex according to the Perined birthweight centiles (15) . Information about fetal position during labor, induction of labor, delivery by cesarean section, presence of congenital abnormalities and gender of neonate were collected. Perinatal death was defined as fetal loss after 22 weeks of gestation till 7 days after birth. Severe hemorrhage was defined as ≥1000 mL blood loss within 24 h postpartum.
Statistical analyses
Data were analyzed using SPSS software version 22.0 (SPSS, Chicago, IL). Comparisons of normal distributed data were performed using an independent t-test. Comparisons of categorical data were performed using the v 2 test. Odds ratios (OR) with 95% CI were calculated for pregnancy outcome variables. For all tests, a p-value <0.05 indicated statistical significance. Sub-analyses were performed for women with idiopathic SRPL and for women who were ≤35 years at their first delivery.
Ethical approval
Approval was obtained from the medical ethics committee of Leiden University Medical Center (C15.028; March 2, 2015).
Results
A total of 175 women with SRPL were identified. Two women with a multiple pregnancy before their pregnancy losses were excluded from analysis.
Analyses of recurrent pregnancy loss are described in Table 1 . In all, 81.5% of the women had only one ongoing pregnancy before their pregnancy losses. In 105 women (60.7%) recurrent pregnancy loss was defined as idiopathic. A total of 1 196 178 women were included in the control group. Women with SRPL were significantly older and had a higher BMI compared with the control group, 29.7 (4.8) years vs. 28.8 (4.9) years and 25.1 (4.9) vs. 24.1 (4.4) kg/m 2 , respectively ( Table 2 ). Information about smoking during pregnancy was not available for the control group.
Comparisons of pregnancy outcome in the first ongoing pregnancy between women with SRPL and the control group were described in Table 3 . Women with SRPL more often had a post-term birth compared with the control group (OR 1.85, 95% CI 1.09-3.15). Significantly more perinatal deaths (n = 8) occurred in women with SRPL (4.6%) compared with the control group (1.0%), (OR 5.00, 95% CI (2.46-10.2). Causes of perinatal death were: three intrauterine fetal demises (two had a severe IUGR, in one case no cause was found), one placental abruption, one spontaneous delivery at 23 weeks of gestation, two cases with multiple congenital abnormalities and one severe meconium aspiration.
For all other pregnancy outcomes (preeclampsia, preterm birth, IUGR, breach position, induction of labor, cesarean section, congenital abnormalities, gender and severe hemorrhage) no statistically significant differences were found between both groups.
In the subgroup analysis including only women with idiopathic SRPL (n = 105), comparable results were found (Table 3) ; more often post-term birth in women with idiopathic SRPL (although not significant: OR 1.83, 95% CI 0.92-3.62) and more perinatal deaths (OR 7.37, 95% CI 3.42-15.9) compared with the control group.
The results of the subgroup analysis including only women who were ≤ 35 years at time of first ongoing pregnancy were similar to the results of the total group (Table 4) .
Discussion
In this study women with SRPL had higher rates of postterm birth and perinatal death in their first ongoing pregnancy before recurrent pregnancy loss compared with all Dutch nullipara.
A strength of the study is that all women followed a well-documented protocol to identify possible causes for recurrent pregnancy loss as described in Table 1 . Therefore, we could perform subgroup analyses including only women with idiopathic SRPL (Table 3 ) and women ≤35 years old (Table 4) , which in both cases, revealed comparable results to the total group. Therefore, in this study differences in pregnancy outcome cannot be explained by the presence of known causes (such as abnormal karyotyping or acquired/heritable thrombophilia) for recurrent pregnancy loss or a higher age.
Limitations of the study should be acknowledged. For some analyses our study could be underpowered. For example, for the outcome preterm birth we found a nonsignificant difference with an OR of 1.2 in the main analysis including 173 women with SRPL. Performing a power analysis showed that, with this number of included women, we could detect an OR of 1.8 (incidence in population 7.8%, using a two-sided test with 80% power at 5% significance). Therefore, we cannot exclude any possible small differences in pregnancy outcome between SRPL and the control group. Bias could have been introduced because we included only women with SRPL visiting the recurrent miscarriage clinic at Leiden University Medical Center, which is a tertiary referral center. It is possible that women with adverse pregnancy outcome before their recurrent pregnancy loss were more likely to be referred to this center than women who had a first uncomplicated pregnancy. Four heterogeneous studies with respect to study design and outcome examined pregnancy outcome prior to SRPL before (5,7-9), with diverse results. In comparison with the other studies we included a relatively large group [Weintraub et (5) . To our knowledge this is the first study investigating the outcome post-term birth. We found that women with SRPL deliver more often post-term in their first pregnancy compared with the control group. In the Netherlands women who reach a gestational age of 41 weeks can choose between two treatment options; induction at or beyond 41 weeks vs. expectant management until 42 weeks (only in obstetrical low-risk women without contraindications for expectant management). A possible link between SRPL and post-term birth may be a prostaglandin deficiency. Data from animal studies demonstrate that the primary impulse for the initiation of labor arises from the fetal hypothalamo-pituitary-adrenal (HPA) axis. The HPA axis stimulates steroid synthesis and prostaglandin production and therefore cervical dilatation and start of myometrial contractions (16, 17) . Relative prostaglandin deficiency has been suggested to exist in several pregnancy complications; preeclampsia, IUGR and in early pregnancies of women with a history of recurrent pregnancy losses (18) . Prostaglandin production increases during full-term labor. No data were found on prostaglandin production in post-term pregnancies (18) . In spontaneous preterm labor, inflammation is suggested to be the main underlying mechanism. Several factors have been supposed to start this process; infection, uteroplacental ischemia and hormonal abnormalities (progesterone or corticotropin-releasing hormone related) (17) . In contrast to our results, one study describes a higher risk of preterm birth in women with SRPL (8) . If the hypothesis of a relative prostaglandin deficiency is correct, SRPL women with post-term birth will be the ones who did not have an activation of the HPA axis due to other pregnancy complications that cause inflammation and therefore preterm labor.
Remarkably, more perinatal deaths occurred in women with SRPL. Our result is in line with the findings by Field et al.; women with recurrent miscarriage were more than twice as likely to have previous perinatal deaths compared with women without recurrent miscarriage (19) . Yang et al. reported a history of perinatal death in 7.8% of women attending a recurrent miscarriage clinic (n = 675) (no control group) (5). In both studies, no further details are described. Causes of perinatal death varied from intrauterine fetal demise, IUGR, placental abruption, preterm birth to congenital abnormalities. Independently, preterm birth, IUGR and congenital abnormalities were not elevated in women with SRPL compared with the control group. Although, we could have missed a small difference in outcome between both groups due to a lack of power. Also in the subgroup analyses, including women with idiopathic SRPL and women ≤35 years old, we found significantly higher values of perinatal death. It is not possible to identify one common cause or pathway to link recurrent pregnancy loss to the observed pregnancy complications. Our findings support the hypothesis that dysregulation of placental vasculature could be an underlying pathophysiological mechanism linking pregnancy complications such as miscarriage, IUGR and death (6) . Preeclampsia is also mentioned in this hypothesis; however we did not find an increased risk of preeclampsia in the first ongoing pregnancy for women with SRPL, in contrast to the (larger) studies of Weintraub et al. and Nielsen et al. (8, 9) . Shared maternal risk factors for recurrent pregnancy loss and still birth, the single major determinant of perinatal death, are; maternal age ≥40 years, smoking, obesity and diabetes mellitus (20) . An association between increasing maternal BMI and post-term birth has also been described (21) , although the mechanisms are not fully understood. Mechanical and hormonal interactions between mother, fetus and placenta are involved in the onset of labor. Women with obesity have increased inflammation, circulating leptin concentrations, insulin resistance, lipolysis and dyslipidemia. It has been hypothesized that these metabolic abnormalities influence the onset of labor and uterine contractility (22) , possibly via the previously mentioned HPA axis (23) . In our study, women with SRPL had a significantly higher BMI compared with all Dutch women, 25.1 (4.9) kg/m 2 vs. 24.1 (4.4) kg/m 2 p < 0.01, respectively, so this could have affected the pregnancy outcome. Since BMI was not available in the Perinatal Registry we used data on BMI from Statistics Netherlands (CBS). As only aggregated data were available, it was not possible to perform a subgroup analysis for women with elevated BMI. Of the women with SRPL, 9.4% reported smoking at the time of visiting the recurrent miscarriage clinic. Smoking was not (24) . We cannot specify the impact of smoking behavior on the pregnancy outcome as it is unknown how many of the SRPL women were smoking during their first pregnancy. Possibly women stopped smoking after their adverse pregnancy outcome.
In conclusion, the first ongoing pregnancy of women with (idiopathic) SRPL is more often complicated by post-term birth and perinatal death. More research (epidemiological and basic, including larger groups) is needed to reveal possible links between SRPL and these pregnancy complications as this might lead to a better understanding of the underlying pathophysiology. 
